Bacillus actinoides is probably one member of a group of related bacteria, the other members of which will in due time be isolated and described. Its biological importance is defined by a production of abundant capsular substance on certain media I and by multiplication within epithelial cells,* its practical importance by its agency in the production of sporadic and epizoofic bronchopneumonia in calves.* I n order to correlate the facts to be presented with what has been published the chief features of Bacillus actinoides are again l~riefly summarized.
1. Multiplication in the form of small flakes up to 1 ram. in diameter which consist of parallel bundles of sheathed filaments, each filament terminating in club-llke expansions. The flake thereby becomes more or less rounded, mulberrylike, and resembles a sphere with clubs projecting from the central mass. Within the filaments of this Actinomyces-like growth are chains of minute bacilli.
2. The sheaths and clubs are produced in the condensation water of coagulated serum and less promptly on the sloped surface, but not on agar plus tissue, milk, or blood. On these latter media the growth is feeble and the organism appears in the form of rods. It often fails entirely.
3. On ordinary media, such as plain agar and bouillon, the bacillus multiplies very faintly or not at all. 4. After 10 or more days growth on agar plus blood or tissue, minute refringent bodies are found free in large numbers and also within the few remaining rods. In some cultures all bacilli had entirely disappeared. These statements apply to culture tubes made air-fight with sealing-wax.
5. The bacillus fails to produce any appreciable lesions in small animals but causes necrosis and suppuration both in the lungs and subcutis of calves. Its virulence gradually declines. In a strain between 3 and 4 years old it was practically extinct.
6. It is relatively vulnerable to destructive agents. It does not survive more than 2 or 3 weeks in sealed cultures. It is quite rapidly killed in dried films and in fluids at 60°C.
Cultural Characters.
In the former paper, little was stated of the growth on the slanted surface of serum tubes, because the multiplication in the condensation water is prompt and striking, that on the surface slow and inconspicuous. Within 3 or 4 days the minute floccules appear in the relatively clear condensation water and within a week this fluid is opaque with them. On the sloped surface, however, mere point-like colonies, easily overlooked at first, do not appear for 6 or 7 days. If such tubes are kept thereafter at room temperature, the growth on the slanted surface slowly increases until in a month or 6 weeks colonies up to 0.5 mm. are present. They then appear as chalkywhite, specks, standing well up from the surface. Fusion into a flat, white, elevated patch is occasionally seen. The growth consists of a semifluid, opaque mass which microscopically is made up of the same elements as those found earlier in the condensation water.
The growth of Bacillus actinoides is much the same on coagulated cow serum and rabbit serum as on horse serum. The only points of difference are a slightly more vigorous growth on the cow serum and a slowly developing, distinct, pale yellowish tinge of the creamy floating layer and of the surface colonies.
Since the pneumonic lungs especially in later stages contain other species of bacteria, most frequently Bacillus pyogenes or Bacillus bovisepticus or both, the detection of Bacillus actinoides may fail.
The best medium to use in such cases is coagulated blood serum to which some calf serum water is added to increase the amount of "condensation water." This, however, is not essential. Even on the serum the secondary invaders grow with greater rapidity.
Colonies of t~acillus bovisepticus expand into very thin layers and those of Bacillus pyogenes pit the surface and cause slow liquefac-tion. In such mixed cultures, Bacillus actinoides may be detected after a week as minute points between the other colonies. Microscopic examination shows the characteristic flocculi and bizarre forms associated with this species. It is frequently impossible, however, to obtain pure cultures from such tubes.
Variations in the Production of Capsules.
The absence of sheaths or capsules in cultures on agar slants containing blood or tissue, and on agar in which a small amount of milk with or without fat has been incorporated, has been referred to in part heretofore. On these surfaces the growth continues very feeble even after many transfers.
Absence of capsular substance has also been noticed on coagulated blood serum. From two cases both the sheathed and the unsheathed variety have been isolated and continued in pure culture indefinitely. When capsules are not produced the growth on the serum surface is very feeble and the chalky whiteness is replaced by a relatively colorless semitranslucent appearance of the point-like colonies. In the condensation water the floccules are replaced by a fine powdery cloudiness which is due to small groups and clusters of bacilli. Evidently the relative richness of the growth of the capsulated variety is chiefly due to the capsular material itself. Attention is called to this variety since it might be either overlooked on account of the very feeble growth or else regarded as some other species.
The same variations have appeared in the course of passing a given strain (No. 462) through calves. Both the sheathed and the non-sheathed variety appeared in cultures from the fourth calf. To determine whether the second form was virulent a calf was inoculated and a large local necrotic focus produced with it. The capsules are not therefore the carriers of virulence.
Changes in the Sheaths or Capsules.
Two modifications may take place, one occurring as the individual culture ages, the other after repeated transfers.
Concerning the first change little need be said. The sheaths in the early days of the culture are very feebly refringent. The floccules dried on cover-slips appear as unstained spots with the tangle of stained bacilli within them. After a week or longer, they become more opaque, as if material were deposited within them. They then tend to absorb and hold dyes and the bacilli within them are no longer demonstrable.
The second change is one which progresses parallel with artificial cultivation. It may appear within one or several months. It consists in a gradual change in the physical appearance of the capsular material. When freshly isolated from the lungs, the sheath of Bacillus actinoides, examined unstained in the condensation water~ suggests in its physical appearance the myelinic forms found in sputum and in nerve tissue (Fig. 1) . After 1 or more months of weekly transfers, dense masses of very minute refringent granules, the largest about 0.5 micron in diameter, appear, which cover and conceal the floccules entirely (Fig. 3) . These granules occur embedded in the sheath of the bacilli (Fig. 2) . This transformation has taken place in all but one of the strains isolated. In this one (Calf 544) the absence of the particular change described even after 6 months of weekly transfers has influenced the appearance of the culture. The mass and color of growth resemble closely the noncapsuled varieties described above. The growth of this strain on blood agar differs nowise from that of the capsulated strains.
The Nature of the Sheath.
The tendency of the growth mass in the condensation water of coagulated horse serum to form a creamy layer, floating at the surface, and a whitish deposit settling to the bottom, called attention to the possible lipoid character of the granules, since the creamy layer appears in quantity with the granules. When the tube is shaken this layer promptly forms a homogeneous suspension in the condensation water. After a day or two it reappears. This tendency to rise is not lost when the fluid containing the growth is heated up to 65°C.
The fine granules tend to run together into larger spheres when opportunity is given. If the surface growth spread on cover-glasses is allowed to dry for a few minutes and then examined in water, THEOBALD Sm~H 59? larger refringent droplets or discs up to 6 or 8 microns in diameter have replaced most of the granules, owing to a coalescing of the latter into larger masses during the drying. The specimen then suggests a film of cream. It has a greasy appearance and acts as a greasy film in that air bubbles are usually imprisoned over it when water is placed on the slide and the cover-slip laid on it.
The dried film when placed in absolute alcohol, ether, chloroform, or petroleum ether is greatly altered. When the cover-slip is removed from these fluids, the adhering solvent permitted to evaporate, and the film examined in a drop of water, the refringent discs have disappeared. A slight amount of amorphous material which takes stains feebly and diffusely remains. Bacteria hitherto obscured by the mass of discs appear in large numbers even when unstained. After immersion in 5 per cent acetic acid and 5 per cent caustic potash little or no change in the fat-like bodies is seen. Scharlach R in alcoholic solution stains the fat-like droplets.
The above observations upon the presence of fat in the creamy The production of capsules or sheaths is subject to considerable variation in this species. Thus far coagulated serum has been found the only substrate to stimulate its appearance. It is not known whether the capsular substance is induced by the parasitism. The presence of sheaths within epithelial cells and their absence in cellular exudates suggest the inference that the sheath is a protective substance when the parasite multiplies in living cells. The complete absence of sheaths in some strains might make the recognition of this species difficult, but if its other characters both positive and negative are kept in mind, this difficulty will not be serious.
Next in importance to fluctuations in the presence or absence of capsules is the change in metabolic processes leading to the production and accumulation of fatty substances in the cultures. The original capsular material resembles in its optical characters myelins. In the course of artificial cultivation fat granules make their appearance at the expense of the original myelin-like substance. This process may be regarded as a degenerative one in the sense that it accompanies the gradual loss of the function of secreting the capsular substance.
EXPLANATION OF PLATE 50.
The preparations are unstained, mounted in normal salt solution (Fig. 1 ) and condensation water (Figs. 2 and 3) .
FIG. 1. Horse serum culture of strain of B. actinoicles, Calf 544. Growth from the sloped surface of a tube about 2½ months old, kept sealed at room temperature. Similar forms may be found in the condensation water of fresh cultures. This strain, under cultivation for 5 months, has thus far resisted the "fatty degeneration" tendency. X 1,000.
FIG. 2. Condensation-water growth of a horse serum tube 2 days old. From strain of Calf 440, under cultivation for 18 months. Note the interlacing filaments with refringent granules embedded in the sheaths. X 1,000. FiG. 3 . Similar growth from a culture, Calf 450, 2 days old. The strain has been under cultivation for 18 months. The figure represents a small portion of a floccule covered with refringent granules, among which are clear spaces representing the original myelin-like clubs and sheaths. × 1,000.
